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Patients who arrive at an emergency department with
potential cardiac symptoms present a diagnostic
challenge to physicians, who must also decide re-

source utilization within the medical system. Physicians are
under pressure to minimize resource use and to stream pa-
tients into a level of care appropriate to their evolving clini-
cal condition. A method to predict the likelihood of a seri-
ous cardiac outcome (death, myocardial infarction [MI],

congestive heart failure, serious arrhythmia or refractory is-
chemic cardiac pain) during the next 72 hours would there-
fore be very advantageous. Appropriate management of pa-
tients whose condition cannot be diagnosed at presentation
(and who therefore cannot immediately be streamed into
an appropriate level of care) is uncertain. The role of car-
diac biochemical markers in risk prediction for this group
of patients remains unclear.

Alteration of human serum albumin by ischemia has
recently been evaluated as a serum biomarker of cardiac
ischemia.1 The amino terminal end (N-terminal) of the
albumin molecule is a binding site for transitional metals
such as cobalt, copper and nickel.1 Possibly as the result of
hypoxia, acidosis, free-radical injury and energy-
dependent membrane disruption, the N-terminal under-
goes a decrease in binding capacity in the presence of is-
chemia.2–4 This alteration can be measured: a set amount of
cobalt is added to the patient’s serum, after which a colori-
metric assay, the albumin–cobalt binding assay, is used to
determine the amount of cobalt that remains unbound. An
elevated concentration of ischemia-modified albumin
(IMA) has, therefore, been proposed as a marker of myo-
cardial ischemic injury.4–6 This assay is reported to be posi-
tive within minutes of ischemia and remains so for up to
several hours later, allowing detection before the develop-
ment of myocardial necrosis (as evidenced by normal levels
of creatinine kinase isoenzyme [CK-MB], troponin and
myoglobin).5,7

The ability to detect ischemia before myocyte destruc-
tion would allow for earlier and more accurate manage-
ment decisions for patients suspected of having acute cor-
onary syndrome (ACS) than is currently possible by
measuring serum troponin, CK-MB or myoglobin levels. A
test that detects all ongoing ischemia that could ultimately
cause adverse events would also allow cardiac ischemia to
be ruled out, permitting earlier discharge and fewer unnec-
essary investigations. Because of its potential capacity to
identify acute cardiac ischemia, IMA measurement has
been proposed as a means to triage patients arriving with
symptoms that might result from cardiac ischemia.8 This
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Abstract

Background: Ischemia-modified albumin (IMA) has been sugges-
ted as a marker of cardiac ischemia. Little, however, is known
about its capacity to predict short-term serious cardiac out-
comes (death, myocardial infarction, congestive heart failure,
serious arrhythmia, or refractory ischemic cardiac pain) in pa-
tients arriving at the emergency department with symptoms
that may indicate cardiac ischemia.

Methods: We screened 546 patients over a 4-week period, of
whom 189 fulfilled our entry criteria by presenting to an emer-
gency department with potential cardiac-ischemia symptoms
within 6 hours after chest pain, seeing an emergency physi-
cian who chose to order a troponin I test, and having no seri-
ous cardiac outcome before the troponin result became avail-
able. We followed the study patients for 72 hours to determine
if any experienced a serious cardiac outcome. We calculated
the likelihood ratios (LRs) of IMA findings predicting serious
cardiac outcomes that could not be diagnosed at presentation
with current techniques.

Results: Of the 189 patients, 24 had a serious cardiac outcome
within 72 hours after their arrival at the emergency depart-
ment. The likelihood ratios for IMA measurement within 6
hours after chest pain predicting a serious cardiac outcome
within the next 72 hours were 1.35 (95% confidence interval
[CI] 0.315–5.79) for IMA ≤ 80 U/mL and 0.98 (95% CI 0.86–
1.11) for IMA > 80 U/mL.

Conclusions: These data suggest that in patients presenting with
chest pain who have not yet experienced a serious cardiac
event, IMA is a poor predictor of serious cardiac outcomes in
the short term.
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study sought to determine the capacity of IMA testing to
predict serious cardiac outcomes in the short term, in pa-
tients presenting to the emergency department with poten-
tial cardiac ischemia symptoms.

A study of a diagnostic test is valid insofar as the investi-
gators enrol an appropriate sample of patients and conduct
an independent, blinded comparison with the method cur-
rently accepted as standard.9 Those in whom the diagnosis
is in doubt represent an appropriate sample of patients.
Patients presenting with an obvious disease are likely to
have a different distribution of test results than those in
whom the diagnosis is uncertain. Including such patients
will therefore produce a biased — and likely, excessively
sanguine — picture of the usefulness of the test under in-
vestigation.

In this case, we were interested in detecting ischemia
that leads to death, MI, heart failure, serious arrhythmia or
refractory pain during the next 72 hours. Our target popu-
lation was patients at risk of such adverse events. Patients
who arrive in the emergency department having had any of
the target events, or who have one before the test result is
available, do not need further diagnostic evaluation for
their likelihood of subsequently having the event of inter-
est. Furthermore, the distribution of test results from such
people is likely to differ from that of patients who remain at
risk. Our target sample, therefore, was those patients who
remained at risk of adverse events when their first IMA test
result was available. Our target finding was the incidence of
any of the events of interest, determined by blinded adjudi-
cation conducted in duplicate.

Methods

Over 4 consecutive weeks in September 2003, we evaluated
patients who arrived at the emergency department of the Hamil-
ton General site of The Hamilton Health Sciences, a tertiary care
centre staffed 24 hours a day by full-time emergency physicians.
Eligible patients included all those aged 18 years or older with po-
tential cardiac ischemia symptoms that occurred within 6 hours
before their arrival at the emergency department, in whom the
emergency physician elected to order a test for serum concentra-
tion of cardiac troponin I (cTnI). Participating patients were re-
quired to provide reliable contact information. We excluded pa-
tients referred directly to trauma or surgery; those in whom
clinicians documented any of the study outcomes (death, MI, con-
gestive heart failure, serious arrhythmia or refractory ischemic
cardiac pain) before the results of their first cTnI becoming avail-
able; and patients who refused study participation.

Each participant’s informed consent, demographic data, symp-
tom characteristics and timing, and cardiac-related medical his-
tory were obtained by a research nurse. After a patient consented,
blood for IMA measurements was drawn in the emergency de-
partment (called time 0) and again 3 and 6 hours later if the pa-
tient was not discharged in the meantime. Blood for cTnI levels
was also drawn at time 0, and subsequently at the discretion of the
emergency physician.

We followed our study patients for 72 hours and recorded their
status (alive, dead), location (inpatient, home, returned to hospital),

need for therapeutic intervention and whether they had a serious
cardiac outcome, defined as any of the following:
• Death, either cardiovascular (from a cardiovascular cause, in-

cluding a revascularization procedure, cardiac arrest, MI,
stroke or unknown cause) or noncardiovascular (from a clearly
documented noncardiovascular cause such as infection,
trauma or malignant disease).

• Myocardial infarction, as indicated by biochemical markers of
myocardial necrosis (a typical rise and gradual fall of troponin
concentrations or the more rapid rise and fall of CK-MB),
along with at least 1 of the following: ischemic symptoms; de-
velopment of pathologic Q waves on the electrocardiogram
(ECG); electrocardiographic changes indicative of ischemia
(elevation or depression of the ST segment); coronary artery
intervention (e.g., coronary angioplasty); or pathologic find-
ings of an acute MI.

• Congestive heart failure, as indicated by any 2 of these 3 cri-
teria: chest radiograph consistent with congestive heart fail-
ure; clinical signs and symptoms consistent with heart failure;
and/or administration of a diuretic.

• Serious arrhythmia (ventricular fibrillation, sustained ventric-
ular tachycardia, asystole, electromechanical dissociation,
supraventricular tachycardia, atrial fibrillation, sinus brady-
cardia, or second- or third-degree heart block), along with
administration of cardioversion, atropine, an anti-arrhyth-
mic, rate-slowing or sympathomimetic drug, or a temporary
pacemaker.

• Refractory ischemic cardiac pain, defined as recurrent ischemic
symptoms lasting 15 minutes or more, along with documented
electrocardiographic changes indicative of ischemia or leading
to a referral for an additional intervention such as thrombo-
lytic therapy, cardiac catheterization or revascularization.

Two investigators ( J.O. and P.J.D.) independently evaluated
all cases of suspected serious cardiac outcomes while blinded to
the IMA data. They resolved all disagreements by reaching a con-
sensus opinion.

All blood samples for analysis were collected and transported
immediately to the laboratory. Total CK, CK-MB and cTnI as-
says were done for all patients and the findings made available to
clinical staff. Total CK levels were measured with the Roche
Modular Analyzer (Roche Diagnostics, Laval, Que.). CK-MB
mass and cTnI concentrations were measured with the Abbott
AxSym (Abbott Laboratories Canada, Diagnostics Division, Mis-
sissauga, Ont.). These assays were done with reagents supplied by
the manufacturers and carried out according to their respective
protocols. Assay results are expressed as “units” per millilitre
(U/mL), as defined by the developers; these are arbitrary units of
absorbance derived from the calibration curve.

Red blood cells were immediately separated from serum for
IMA analysis and frozen in liquid nitrogen for subsequent analy-
sis. Samples were thawed in small batches; total time at room
temperature from blood draw to analysis never exceeded 2 hours.
IMA concentration was measured in the Roche Modular assay
system by means of reagents, assay protocols and parameters from
Ischemia Technologies (Denver, Colo.), in keeping with their
recommended sample-handling procedures.

We calculated and have reported the sensitivities, specificities
and likelihood ratios (LRs) with 95% confidence intervals (CIs) to
describe the association with the occurrence of a serious cardiac
outcome of IMA concentrations above or below a single threshold
value of 80 U/mL for samples taken at time 0, 3 hours, 6 hours
and maximum IMA value. CIs for LRs were computed similarly
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to relative risk, by first calculating a variance and confidence limits
for the logarithm of the LR, then transforming these limits to ob-
tain a CI for the LR. CIs for sensitivity and specificity were calcu-
lated with the Wilson score method for binomial proportions. We
explored the possibility of multiple thresholds or cut-off values,
but the number of events proved too few. We examineded differ-
ent thresholds, including 85 U/mL as suggested in the manufac-
turer’s package insert, but no threshold produced appreciably dif-
ferent results than our initial choice of 80 U/mL.

The Research Ethics Board of Hamilton Health Sciences and
McMaster University approved the protocol.

Results

During the study period, 582 patients came to the emer-
gency department with potential ACS symptoms, of whom
546 were screened (36 were missed; Fig. 1). Of these, 357
patients were excluded from participation, most (227) be-
cause they did not meet the inclusion criterion of ACS
symptoms within the 6 hours before presentation at the
emergency department (Table 1). Only 1 of the 189 en-
rolled patients could not be contacted directly by telephone
72 hours later. Research staff were able to confirm that the
patient had not seen her family physician within 2 months
after emergency department discharge. Moreover, her fam-
ily physician had not received any notice of contact from
any primary care practice or emergency department, and
was able to confirm that the patient was still alive.

Differences in demographic and disease characteristics
between the 24 patients who experienced a serious cardiac
outcome and the 165 who did not were nonsignificant
(Table 2). The 24 patients experienced a total of 35 cardiac
outcomes (Table 3). Results for IMA analysis fell in a nor-
mal distribution from 57 to 138 U/mL (mean 92.3, 95% CI
91.2–93.2, SD 11.5).

Estimates of diagnostic efficacy demonstrating the associ-
ation of IMA levels above or below the 80 U/mL threshold
value for the 3 times (time 0, 3 and 6 hours) and the maxi-
mum value at any time revealed a maximum sensitivity of
92.3% (95% CI 66.7%–98.6%), found among patients
with an IMA level above 80 U/mL when tested at 6 hours.
The maximum specificity by IMA measurement was 24.3%
(95% CI 18.2%–31.7%), found among patients with serum
IMA concentrations of 80 U/mL or less when tested at
time 0. In only 1 case did the 95% CIs of the correspond-
ing LRs for each category exceed 10.0 or fall below 0.2 (for
6-hour negative LR, CI 0.17–10.03), and all cases included
an LR value of 1.0 (Fig. 2).

Interpretation

This study revealed that the LRs associated with IMA
levels in patients presenting to the emergency department
with potential cardiac ischemia symptoms are close to 1
— so much so that they have minimal impact on the
probability of short-term, serious cardiac outcomes. A
limitation of our study was the size of the sample. This
was designed as a pilot study, and one of our objectives
was to estimate the sample size required for a larger trial.
A larger sample would not only have improved the preci-
sion of our estimates, it would also have allowed us to ap-
ply multiple thresholds. However, our estimates of the
LRs are so close to 1.0, and the confidence intervals al-
ready sufficiently narrow, that it is unlikely that a larger
study would demonstrate clinical usefulness for this test.
A larger sample may have allowed us to perform post-hoc
analysis to evaluate the usefulness of IMA measurement in
a multiple-marker combination with other biochemical
and clinical tools.

In this prospective study IMA results were not made
available to physicians responsible for the care of the pa-
tient. Rather, we observed the ability of IMA testing to pre-
dict serious cardiac outcomes in our usual care model. A

Ischemia modified albumin and serious cardiac outcomes
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Fig. 1: Screening and enrolment of patients. Reasons for exclu-
sion are listed in Table 1.

Missed
n = 36

Excluded
n = 357

Presenting to
emergency department

N = 582

Follow-up
n = 189

Enrolled
n = 189

Screened
n = 546

Table 1: Reasons patients were excluded from participation in
the study

Criteria
No. of patients

n = 357    

Inclusion criteria not met
Symptoms consistent with acute coronary syndrome
in the 6 hours before presentation

227

Troponin I test ordered by the emergency physician 25
Patient able to provide a reliable contact 53
Patient consents to telephone contact for follow-up 17

Exclusion criteria met
Occurrence of an adverse event before the results of
the troponin I test became available

29

Direct referral to trauma or surgery 3

Previously enrolled in a study of ischemia-modified
albumin 3



test that shows value in a prospective observational trial
should then be evaluated in a prospective interventional
trial, with test and control groups, to determine if serious
cardiac outcomes can be attenuated or avoided with its use.

IMA analysis performed in real time would be available
to the physician at about the same time as the troponin re-
sult. To examine the usefulness of the test in the situations
when it is needed most — that is, when other clinical and
laboratory tests are not diagnostic — we excluded all pa-
tients in whom a serious outcome could be diagnosed with-
out the aid of laboratory testing, those admitted before tro-
ponin testing, those with diagnostic ECGs and those who
suffered serous cardiac outcomes before the troponin result
was available.10 Test characteristics are likely to differ in
most of these situations because of greater ischemic dam-
age. Thus, inclusion of such patients would give a mislead-
ing impression of IMA usefulness in the patients in whom
clinicians would need the test to make a decision about
hospital admission.

We chose to exclude patients whose chest pains began
more than 6 hours before because several references indi-
cate that IMA is rapidly cleared from the circulation after
resolution of the period of ischemia and is unlikely to re-
main elevated longer than 6 hours.5,7

The strengths of this study include the careful selection

of the patients for whom clinicians would be using IMA
results to make decisions about hospital admission. Our
standard for defining target-positive patients was highly
patient-relevant: short-term, serious cardiac outcomes in-
cluding death, MI, congestive heart failure, serious ar-
rhythmia and refractory ischemic cardiac pain. In our eval-
uation of patients with suspected ACS, we used a 72-hour
interval because events during this period dictate the need
for immediate admission into the critical care unit.10 We
determined occurrence of target events through indepen-
dent blind adjudication as well as successful follow-up of
188 (of 189) patients.

Since development of the albumin–cobalt binding as-
say, investigators have assessed IMA levels in a variety of
clinical settings. Although cTnT measurements have been
used to indicate that direct-current cardioversion (DCCV)
does not cause cardiac damage,11 Roy and colleagues12 re-
ported that in patients with atrial fibrillation, IMA levels
are significantly elevated at 1 and 6 hours after DCCV, es-
pecially in patients with electrocardiographic evidence of
post–DCCV ischemia. Sinha and associates13 evaluated
ECG, cTnT and IMA levels individually and in combina-
tions in patients diagnosed with non-ischemic chest pain,
unstable angina and MI with ST- or non–ST-segment ele-
vation. In this population, they found IMA measurements
to be the most sensitive of 3 diagnostic tests and declared
it to be highly sensitive for the diagnosis of myocardial is-
chemia in patients presenting with symptoms of ACS.13 In-
vestigators have also reported IMA to be a sensitive mea-
sure of the magnitude and duration of ischemia induced
during percutaneous coronary intervention (PCI).14,15 A
subsequent PCI study supported this finding and also
demonstrated a greater increase in IMA level from base-
line in patients without collateral coronary-artery circula-
tion than in those with it.16

A recent study17 involving patients with symptoms sug-
gestive of ACS but with normal or nondiagnostic ECGs
who came to the emergency department within 3 hours of
chest pain documented outcomes at 30 days of ACS (un-
stable angina or MI with non–ST-segment elevation) or
non-ischemic chest pain. They measured IMA at presenta-
tion and reported positive (LR 2.95, 95% CI 1.91–4.56)
and negative (LR 0.33, 95% CI 0.21–0.52) likelihood ra-
tios using a threshold of 93.5 U/mL. From this, the inves-
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Table 2: Demographic and disease characteristics of enrolled
patients

Group; no. (%) of patients*

Characteristic
All

n = 189

With an adverse
outcome
n = 24

Without
outcome
n = 165

Male 112 (59.3) 16 (66.7) 96 (58.2)
Age, mean (SD), yr 61.5 (14.5) 64.6 (10.7) 61.0 (14.9) 

Presenting symptoms
Angina, chest pain 166 (87.8) 22 (91.7) 144 (87.3)
Syncope/pre-syncope 35 (18.5) 3 (12.5) 32 (19.4)
Palpitations 21 (11.1) 4 (16.7) 17 (10.3)
Anginal equivalent 123 (65.1) 15 (62.5) 108 (65.5)
Other pain 12   (6.3) 2 (8.3) 10   (6.1)
Other discomfort 24 (12.7) 2 (8.3) 22 (13.3)

Previous myocardial infarction
Yes 56 (29.6) 9 (37.5) 47 (28.5)
No 130 (68.8) 15 (62.5) 115 (69.7)
Unknown 3   (1.6) 0   (0.0) 3   (1.8)

Tobacco smoking (N = 181)
Current smoker 44 (24.3) 3 (13.6) 41 (25.8)
Former smoker 79 (43.7) 12 (54.6) 67 (42.1)
Never smoked 58 (32.0) 7 (31.8) 51 (32.1)

Diabetes
Yes 41 (21.7) 6 (25.0) 35 (21.2)
No 147 (77.8) 18 (75.0) 129 (78.2)
Unknown 1   (0.5) 0   (0.0) 1   (0.6)

Note: All differences were statistically nonsignificant. SD = standard deviation.
*Except as indicated for Age.

Table 3: Breakdown of 35 serious
cardiac outcome events in 24 patients

Clinically serious event
No. of
events

Death 0
Myocardial infarction 14
Congestive heart failure 5
Clinically important arrhythmia 3
High-risk ischemia* 13

*Recurrent or refractory ischemic pain or discomfort.



tigators concluded that IMA may be a useful marker for
the identification of ACS.

As these studies indicate, there is accumulating evidence
that IMA levels correlate with, if not quantitatively predict,
cardiac ischemic events. However, to the best of our
knowledge no studies have been reported that evaluate the
diagnostic value of IMA with an exclusive focus on short-
term, serious cardiac outcomes in patients for whom IMA
might add valuable additional information about need for
admission to hospital. Our focus on the relevant population
and the most relevant outcome events makes our results di-
rectly applicable to the decision faced by physicians seeing
patients with potential ACS in the emergency department.

We explored the possibility of multiple IMA thresholds,
but the number of events proved too few. We also explored
different thresholds (including the 85 U/mL suggested in

the manufacturer’s package insert), but none produced re-
sults that differed appreciably from those of our initial
choice, 80 U/mL. Other researchers used cut-off points of
75,7 80 8 and 85 U/mL.13,17 Given that the 95% CI of the
LRs fell outside 0.2–10 in only 1 instance, and in all cases
included a value of 1, our results suggest that IMA levels do
not provide information useful in predicting which patients
will suffer a serious cardiac outcome in the short term.
These results attest to the necessity for thorough evalua-
tion of new diagnostic tests before their dissemination.

Ischemia modified albumin and serious cardiac outcomes
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Fig. 2: Measures of diagnostic efficacy of IMA levels at each collection time. The last set of
data shows the highest IMA values measured before the occurrence of an adverse event,
considering all 3 collection times. CI = confidence interval, IMA = ischemia-modified albu-
min, LR+ = likelihood ratio (positive) for a serious adverse event to occur, LR– = likelihood
ratio (negative) for the non-occurrence of an adverse event.

0 h Serious cardiac outcome Totals

IMA Yes No

> 80 U/mL 16 115 131

≤ 80 U/mL 7 37 44

Total 175

3 h
Yes No

> 80 U/mL 13 117 130

≤ 80 U/mL 3 14 17

Total 147

6 h
Yes No

> 80 U/mL 12 96 108

≤ 80 U/mL 1 6 7

Total 115

Maximum IMA values

Yes No

>80 U/mL 22 152 174

≤ 80 U/mL 2 10 12

Total 186

Estimate 95% CI

Sensitivity 0.70 0.49–0.84

Specificity 0.24 0.18–0.32

LR+ 0.92 0.69–1.22

LR– 1.25 0.63–2.46

Sensitivity 0.81 0.57–0.93

Specificity 0.11 0.06–0.17

LR+ 0.91 0.71–1.16

LR– 1.75 0.56–5.45

Sensitivity 0.92 0.67–0.99

Specificity 0.06 0.03–0.12

LR+ 0.98 0.83–1.16

LR– 1.31 0.17–10.02

Sensitivity 0.92 0.74–0.98

Specificity 0.06 0.03–0.11

LR+ 0.98 0.86–1.11

LR– 1.35 0.32–5.79
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